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THE  YIELD  OF. ACETIC  ACID  AS 
IL'FLUSNCSD  3Y  'TEMPERATURE  IK 
WOOD  DISTILLATION. 

The  utilisation  of  waste  wood  has  for  iLany  years 
been  one  of  the  leading  industrial  problems  and  at 
the  present  tiirie  many  of  the  large  manufacturing  en- 
terprises are  doing  considerable  research  work  along 
these  lines,  hoping  to  develop  some  process  for  con- 
verting their  vast  amount  of  wood  "waste,  now  used  for 
the  most  part  for  heating  purposes,  into  products  of 
co.niercial  value  and  to  do  this  in  a  wa.y  which  will 
not  make  the  cost  of  the  process  prohibitive. 

In  many  of  the  large  forest  areas  of  the  United 
Stc-tes,  the  wood  wastes  and  eren  whole  forests  them- 
selves are  subjected  to  distructive  distillation  one 
of  the  most  important  processes  for  manufacturing 
chemical  compounds  from  wood.  The  wood  distillation 
industry  is  an  old  one  and  is  well  developed  in  Ger- 
many, Russia,  Norway  and  Sweden  and  less  extensively 
in  France  and  England. 
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The  U.  S.  Census  report  lor  1909  Issued  in  1911, 
gives  the  most  recent  figures  on  the  extent  of  wood 
dlEtillation  in  this  co^lntry. 

The  report  as  reprinted  in  the  Journal  of  Industri- 
al and  Engineering  Chemistry  is  as  follov/s: 

Number  of  establishments  116 

Material  (Chiefly  beech,  birch  and  maple) 
Quantity  of  wood  ut;ed,  in  cords   1,149,847 
Cost  3,818,282 

Products  :- 

Total  value  7,641,690 

Charcoal : 

Quantity  in  bushels  53,075,102 

Value  3,299,002 

Crude  Alcohol: 

Quantity  in  gal.  8,468,083 

Value  2,082,253 

Gray  acetate  of  lime: 

Quantity    in   lbs.  148,769,479 

Value  2,202,847 

Brown   acetate   of   lime: 

Quantity   in  lbs.  2,156,907 

Value  22,203 


Iron  acetate: 

Quantity  in  gal.  502,624 

Value  27fT7^ 

Oils: 

C^uantity  in  gallons  37,995 

Value  3,082 

All  others  value  4,524 

Frou:  the  foregoing  figures  maj'  he  seen  the  ex- 
tent of  the  industry  in  the  United  States  and  also  the 
value  of  acetic  acid  when  coniniercialized  in  the  form 
of  acetate  of  lirr.e. 

The  data  on  the  composition  of  wood,  the  hasis 
of  this  great  industry  is  not  very  satisfactory  as 
the  figures  Vvere  obtained  by  methods  less  accurate  than 
those  which  are  now  in  use.   In  the  following  analysis 
made  b;.  Hugo  Muller,  the  figures  for  water  extract  in- 
clude, tannins,  coloring  matter,  sugars,  starches,  etc. 


Analysis  of  Various  Woods 

Water   Water  Extract   Resins   Cellulose   Incrusting 

Matter. 


Birch 

12.48 

2.65 

1.14 

55.52 

28.21 

Beech 

12.57 

2.41 

.41 

45.47 

39.14 

Oak 

13.12 

12.20 

.91 

39.47 

34.30 

Alder 

10.70 

2.48 

.87 

54.62 

31.33 

At  the  present  time  no  definite  relation  has  been 
established  between  the  composition  of  woods  and  the  chief 
distillation  products  obtained  from  themj  namely,  acetone, 
alcohol,  acetic  acid,  and  charcoal.   The  data  available  in- 
dicates that  cellulose  ^-ives  maximum  yields  of  methyl  al- 
cohol and  but  little  acetic  acid  when  subjected  to  distruc- 
tive  distillation,  the  latter  product  being  evidently  de- 
rived from  the  more  unstable ''incrusting  matter". 

The  acetic  acid  has  increased  very  much  in  importance 
in  the  last  number  of  years  on  acco^xnt  of  its  use  in  the 
manufacture  of  aniline  dyes.   Germany  has  done  most  of  the 
research  work  along  this  line,  her  forest  resources,  however, 
for  wood  distillation  are  so  small  in  comparison  with  her 
demands  that  she  is  compelled  to  import  great  quantities  of 
acetic  acid  fromi  other  countries  every  year. 


It  has  long  been  a  known  fo.ct  that  each  of  the 
various  products  of  v/ood  distillation  vary  ir.  yield  accord- 
ing to  the  tenii^erature  the  wood  is  subjected  to.   At  the 
lower  temperatures  the  products  are  chiefly  gas  and  water 
vapor,  while  at  the  high  temperatures  tar  is  produced  in 
the  greatest  quantities.   The  temperature  interval  from 
150*2  _  280°  Centigrade  produces  the  ;:iost  valuable  product; 
namely,  the  pyroligneous  acid. 

When  this  research  vvas  begun  by  the  author  it 
was  his  intention  to  determine  the  effect  of  temperature 
of  distillation  on  the  yield  of  each  of  the  various  pro- 
ducts.  Ilo.vever,  on  account  of  the  great  Ixportance  of  the 
acetic  acid,  the  work  was  lixnited  to  this  product  and  in- 
cidently  charcoal  and  total  distillate. 

The  distillation  i?:ere  carried  out  in  wrought 
iron  stills,  cylindrical  in  shape,  six-inches  in  diameter 
and  two  feet  long.   Both  ends  of  the  still  were  closed 
by  means  of  caps,  one  cap  being  solid,  while  the  oth>3r  was 
provided  v/ith  one  three -eights  inch  hole,  and  one,  one  and 
a  half  inch  hole,  both  properly  tapped.   Frou;  the  smaller 
hole  extended  an  outlet  pipe,  for  the  distillate,  v/hich  was 
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about  t- o  feet  long.   The  large  hole  served  as  a  means 
of  charging  the  still  and  was  closed  by  means  of  a  plug. 

The  still  proper  was  guarded  against  an  excessive 
loss  of  heat  by  radiation  by  an  asbestos  jacket,  the 
latter  having  three,  one-inch  holes  in  the  top  of  the 
jacket  to  allow  the  products  of  combustion  to  escape. 

The  outlet  of  the  still  was  connected  with  a  straight 
glass  condenser  which  in  turn  was  connected  with  a  glass 
receiver  by  means  of  a  bent  adapter,   A  safety  fj.ask  and 
a  lime  wash-bottle  completed  the  apparatus  which  was 
necessary  for  the  distillation.   An  idea  of  the  layout 
can  be  obtained  from  plates  ore  and  two.   Plate  I  shows 
the  still  with  the  asbestos  jacket  in  place  while  Hate 
2  shows  the  construction  of  the  still  proper. 

Two  pound  charges  of  cak  wood  previously  dried  and 
which  had  been  cut  in  fairly  uniform  size  blocks  of  about 
2  X  1  X  -g^  inches  v/ere  used  in  the  distillations. 

Eight  hours  time  v/as  allowed  for  each  distillation, 
this  amount  of  time  being  ample  for  the  proper  decompo- 
sition of  the  wood  at  the  existing  temperature.   The 
heat  was  ap^'lied  very  slowly  in  order  to  have  the  tern- 
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perature  of  distillation  at  all  times  londer  perfect 
control.   After  about  two  hours  the  desired  tempera- 
ture w?s  reached  and  the  flame  iinder  the  still  was 
slightly  decreased  in  size.   By  means  of  readings 
of  the  temperature  every  five  minutes  accompanied 
by  corresponding  adjustments  of  the  flame,  the  tem- 
perature of  distillation  was  kept  at  the  point  desired. 

At  the  end  of  the  eight  hour  runs,  the  distil- 
lates V  ere  poured  into  Erlenmeyer  fla^s,  weighed,  pro- 
perly labeled  and  the  apparatus  rearranged  for  another 
series  of  runs.   Twenty  runs  were  made  in  all,  fourteen 
of  which  were  successful.   In  the  other  six  runs  elt>  r 
the  temperature  of  distillation  \^as  lost  control  of 
or  the  glass  condensers  did  not  stand  up  under  the  :.eat. 

The  greatest  am.ount  of  difficulty  in  the  entire 
experiment  however  was  not  experienced  in  the  temperature 
control  as  one  would  expect,  but  in  finding  a  method  of 
directly  analyzing  the  pyroligneous  acid  for  acetic  acid. 
The  many  unsuccessful  attempts  as  v/ell  as  the  successful 
method  of  analysis,  for  which  the  author  claims  origin- 
ality, are  given  below. 

The  first  method  tried,  was  to  take  a  ten  cubic 
centim.eter  sample  and  dilute  it  up  to  about  300-1000  cu- 
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bic  centimeters,  in  order  to  eliminate  the  dark  co- 
lors of  the  crude  acid,  so  that  by  the  addition  of 
lacmoid  or  phenol thalein  as  an  indicator  a  clear  end 
point  could  be  seen  when  the  acetic  acid  -.vas  titrated 
with  a  standard  solution  of  caustic  soda.   The  great 
dilution  of  the  sam^^le  as  v;ell  as  the  presence  of  the 
tar  made  the  results  so  Linsati  sf  actory  that  the  method 
had  to  be  abandoned. 

The  next  method  tried  Vi'as  to  add  a  knov;n  ex- 
cess of  chemical  pure  barium  carbonate  to  a  ten  cubiu 
centimeter  sample  of  the  crude  acid,  mixing  the  tv^o 
well,  and  allov;ing  them  to  stand  for  about  tv/enty-f our 
hours.   The  excess  barium  carbonate  v^as  then  filtered 
off  and  7/ell  washed  with  hot  water  and  dissolved  in  an 
exce:.s  of  standard  acid.   Either  lacmoid  of  phenol  tha- 
lein Vt'as  then  added  as  an  indicator  and  the  excess  oi 
acid  was  titrated  with  standard  sodium  hydroxide  solu- 
tion.  This  method  however  proved  unsuccessful  as  the 
tar  remained  with  the  barium  carbonate  and  so  hid  the 
end  point  in  the  final  titration  that  this  liiethod  of 
analysis  proved  unsuitable. 
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Steam  distillation  of  the  crude  acid  and  tar 
was  then  tried  as  a  solution  of  the  problem.   A  large 
tin  receptical  holding  about  two  gallons  of  water  was 
filled  two-thirds  full  and  closed  by  means  of  a  double 
bored  rubber  cork.   A  safety  tube  was  passed  through 
one  hole  and  a  bent  tube  which  terminated  belov/  the 
cork  was  passed  through  the  second  hole  and  by  means 
of  rubber  tubing  v/as  attached  to  the  inlet  tube  of 
the  distilling  flask.   The  other  end  of  the  inlet  tube 
extended  down  belov/  the  level  of  the  twenty-five  cubic 
centimeter  sample  of  the  crude  acid.   The  steam  generated 
in  the  tin  receptical  plus  the  volatile  products  of  the 
wood  distillate  were  then  passed  through  a  condenser  and 
led  into  a  known  amount  of  standard  sodium  hydroxide 
solution.   From  time  to  time  the  distillate  was  tested 
for  acidity  by  testing  drops  of  the  lii^uid  as  they  cajne 
from  the  condenser.   The  acid  distillate  on  passing  into 
the  caustic  soda  formed  a  milky  brown  precipitate  so  fine 
ir  nature  that  it  was  held  in  suspension.   The  solution 
under  this  condition  proved  very  difficult  to  titrpte  for 
the  excess  of  alkali. 

The  chief  difficulty,  however,  which  made  this 
method  unsuitable  as  a  means  of  analysis  was  the  condensa- 
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tion  of  great  amounts  of  steam  in  the  distilling  flask, 
which  prevented  the  last  traces  of  acetic  acid  from  com- 
ing over.   Furthermore  check  results  owing  to  the  fore- 
going source  of  error  were  next  to  impossible  to  obtain. 
If  smaller  amounts  of  the  crude  acid  sam_le  had  been 
taken  to  begin  with  the  final  error  would  have  been  cor- 
respondingly greater. 

Most  of  the  foregoing  difficulties  having  been 
caused  by  the  presence  of  the  tar  it  was  decided  to  try 
a  high  potential  clarifier  as  a  n.eans  to  eliniinate  the 
bad  effects  caused  by  the  suspended  tar  particles.   This 
method  of  clarification  was  based  on  the  theory  that  the 
discharge  of  a  high  potential  current  through  the  solution 
v/ould  cause  all  suspended  particles  to  settle  and  leave  a 
clear  light  yellow  supernatent  liquid. 

In  ordfcr  to  accomplish  the  foregoing^a  three 
hundred  and  fifty  cubic  centimeter  beaker  was  placed  in 
a  large  glass  dish  and  a  supply  of  cooling  Vv^ater  was  al- 
lowed to  circulate  around  the  beaker  in  order  to  keep  the 
contents  of  the  latter  from,  becom.ing  too  hot  and  volatiliz- 
ing.  The  high  potential  current  was  obtained  from  a  one 
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and  a  half  horse-power  motor-generator  set  attached 
to  a  one  hiindred  and  ten  volt  powei-  circuit.   The 
leads  from  the  high  potential  side  of  the  raotor-genera- 
tor  were  attached  by  means  of  suitable  appliances  to 
carbon  electrodes.   These  electrodes  v/ere  submerged  in 
the  liquid  to  be  clarified  to  an  extent  of  one  half 
inch. 

Ten  cubic  centimeters  of  pyroligneous  acid 
v/ere  diluted  up  to  one  hundred  and  fifty  cubic  centi- 
meters and  the  electrodes  placed  in  position.   It  was 
at  first  thought  that  a  single  discharge  of  the  current 
would  bring  down  the  tar,  but  the  latter  proved  to  be 
more  than  a.  static  precipitate.   In  order  to  obtain  the 
desired  result,  it  v;as  necessary  to  pass  the  current 
through  the  liquid  continuously  for  fie  minutes.   Lac- 
moid  was  then  added  and  an  approximate  correct  amoxmt 
of  standard  sodium  hydroxide  solution  was  added  from 
a  burette.   The  two  solutions  were  then  thoroughly  mixed 
by  stirring  and  the  current  was  again  discharged  through 
the  liquid.   This  time,  however,  the  dark  murky  decolora- 
tion caused  by  the  addition  of  the  caustic  soda  would  not 
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settle  but  remained  in  suspension  and  prevented  the 
recognition  of  an  end  point.   The  solution  also  heated 
up  to  such  an  extent  that  alcohol  and  acetic  acid  were 
volatilized,  their  loss  being  detectable  by  the  odor 
of  the  esca.ping  gases. 

Although  the  greatest  precautions  had  been 
taken  to  keep  the  te:r;perature  of  the  liquid  at  a  low 
enough  temperatui'^  to  prevent  volatilization,  they 
were  not  siifficient  and  this  method  of  analysis  proved 
of  no  avail  and  had  to  be  abandoned. 

It  was  then  decided  to  try  the  relative  con- 
ductivity method  for  determining  the  point  where  the 
acetic  acid  present  in  the  crude  distillate  had  been 
exactly  neutralized  with  some  standard  alkali.   In 
order  to  do  this  a  set  of  Edison  storage  batteries,  a 
Kohlraush  bridge  and  a  conductivity  cell  were  properly 
connected.   A  telephone  receiver  was  used,  as  a  means 
of  detecting  the  point  wh:-re  an  exact  balance  had  been 
established  in  the  circuit,  in  preference  over  a  galva- 
nometer, the  former  being  by  far  the  more  delicate  for 
this  sort  of  work. 
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The  method  is  based  upon  the  following  prin- 
ciple.  Acetic  acid  a  comparatively  weak  acid  a-nd  am- 
monia a  weak  base,  give  solutions  whose  conductances 
are  low,  while  solutions  of  the  salt  ammonium  acetate 
have  a  comparatively  high  conductance.   Thus  if  am- 
monium hydroxide  is  run  into  a  solution  of  acetic  acid 
and  the  conductivity  of  the  resulting  solution  neasured, 
the  point  of  highest  conductivity  indicates  that  neither 
the  free  acid  or  base,  but  only  the  salt  are  present, 

A  ten  cubic  centimeter  sami)le  of  the  pyroligne- 
ous  acid  was  run  into  a  conductivity  cell  and  ammonia 
was  added  in  amounts  of  one  cubic  centir.eter,  the  resis- 
tance being  read  after  each  addition.   The  object  being 
to  get  enough  readings  in  order  to  plot  a  curve  with  re- 
lative conductivity  as  ordinates  and  cubic  centimeters 
of  standard  ammoni;am  hydroxide  solution  as  abscissas. 
The  amount  of  ammoniuiii  hydroxide  solution  corresponding 
to  the  greatest  conductance,  shown  by  the  highest  point 
on  the  curve,  was  then  read  from  the  plot  and  the  per  cent 
acetic  acid  calculated  from  the  data  obtained. 
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The  foregoing  theory,  however,  did  not  work 
out  in  pr^.ctice  when  attempted  in  connection  with  py- 
roligneous  acid,  the  tar  again  being  the  undoing  of 
the  method.    In  order, to  obtain  a  representative  read- 
ing of  the  entire  mass  the  tar  and  crude  acid  had  to 
be  well  shaken  up,  the  former,  however,  settled  before 
a  balance  had  been  established  in  the  circuit.   It  was  - 
practically  impossible  to  obtain  uniform  suspension  of 
the  tar  for  two  consecutive  readings  for  each  addition 
of  am;ronia,  check  results  therefore  were  impossible. 

The  tar  proving  to  be  the  chief  cause  of  fail- 
ure in  all  of  the  previous  methods  of  analysis  it  oc- 
curred to  the  author  that  the  only  satisfactory  way  to 
eliminate  the  detrimental  effects  of  the  tar  would  be  to 
use  a  suitable  solvent  for  the  latter  vhich  would  not 
effect  the  other  constituents  of  the  pyroligneous  acid. 

A  ten  cubic  centimeter  sample  of  the  crude  acid 
was  filtered  through  a  barium  sulphate  paper  and  the  re- 
sidual tar  well  washed  with  hot  water.   The  tar  was  then 
washed  into  a  beaker  with  a  minimum  amount  of  water  and  a 
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known  excess  of  acetone  was  added.   The  tar  and  acetone 
were  then  well  stirred  ■until  the  former  had  been  entire- 
ly dissolved  in  the  latter.   The  solution  was  then  added 
to  the  original  filtrate  and  well  stirred.   The  acetic 
acid  could  then  he  directly  titrated  with  a  half  normal 
solution  of  sodium  hydroxide  using  lacmoid  as  an  exterior 
indicator  or  the  relative  conductivity  method  for  the  de- 
tection of  the  end  point  could  be  applied  with  equal  success, 
the  harmfixl  effect  of  the  tar  having  been  removed. 

However  in  using  acetone  as  a  solvent  for  the  tar, 
it  was  found  necessary  to  make  a  correction  for  the  amount 
of  acetone  oxidized  to  acetic  acid  in  the  presence  of  water 
and  air.   This  amount  was  almost  negligible  when  a  minimu;:. 
am.ount  of  acetone  was  used  to  dissolve  the  tar  and  when  all 
operations  were  conducted  with  the  utmost  rapidity. 

Naphtha  or  carbon  tetra-chloride  or  a  mixture  of 
the  two  was  also  foun.d  to  do  very  well  as  a  solvent  for 
the  tar.   Vihen  naphtha  was  used  the  tar  did  not  have  to 
be  filtered  off  before  treating.   The  solvent  was  simply 
added  to  the  sample  of  pyroligneous  acid  and  the  two  well 
stirred.   The  tar  gradually  dissolved  in  the  naphtha  and 
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separated  out  ;vlth  the  latter  as  an  oily  layer  on  top 
of  the  acid.   The  two  layers  vvere  then  separated  as 
cleanly  as  possi-Qle  by  means  of  a  separatory  f xinnel . 
The  naphtha  solution  was  then  washed  free  from  the 
last  traces  of  acid  with  but  v/ater,  the  latter  being 
added  to  the  original  filtrate.   The  acetic  acid  was 
then  titrated  -.vith  standard  sodium  hydroxide  using 
lacmoid  as  an  indicator  or  with  am::ioniuni  hydroxide 
solution  using  the  relative  conductivity  method  as  a 
means  to  recognize  the  end  point. 

"'hen  the  work  was  begun  it  was  the  intention 
of  the  author  to  i.ake  enough  distillations  to  gather 
sufficient  data  for  a  complete  curve  of  relative  yields 
of  acetic  acid  for  the  various  temperatures;  that  is, 
from  the  temperature  of  minimujn  yield  of  the  acid,  thru 
the  temperature  of  maximum  yield  and  back  again  if  possi- 
ble to  a  minimum  yield  at  high  temperatures.   The  means 
and  apparatus  at  hand,  hov/ever,  '-vere  inadequate  for  high 
temperature  distillations  and  310  degrees  Centigrade  or 
590°  F.  was  the  highest  temperature  rer.ched  in  this  work. 

The  curve  as  plotted  on  plate  six  shows  a  very 
gradual  rise  in  the  yield  of  acetic  acid  at  first  or  until 
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210°  C.  has  been  reached,  v;hile  after  that  the  rise  in 
yield  is  a  trifle  more  rapid. 

The  total  distillate  also  shows  a  marked  in- 
crease in  yield  for  each  additional  rise  in  temperature 
of  distillation.   This  fact  was  so  pronounced  ths.t  a 
picture  of  the  distillates  was  taken  to  substantiate 
the  data.   Plate  4  shows  the  distillates,  froni  four- 
teen distillations,  in  tv/o  hundred  and  fifty  cubic  cen- 
timeter ErleriiTieyer  flasks.   The  specific  gravity  of  the 
distillate,  determined  by  means  of  a  Westphal  balance, 
when  plotted  against  terr.perature  also  sho'ws  the  charac- 
teristic rise.   This  rise  in  specific  gravity  of  the  dis- 
tillate is  partly  due  to  the  increase  of  solids  and  partly 
to  the  increase  in  acetic  acid  and  creosote  oils. 

The  per  cent  decomposition  of  the  original  tv'O 
pound  charge  of  wood  at  the  different  temperatures  'A'as 
found  by  subtractiiig  the  weight  of  the  charcoal  from  the 
weight  of  the  original  charge.   From  the  curve  on  plate 
nine  it  can  be  seen  that  at  180°  C.  there  is  comparatively 
little  decomposition,  while  at  310°  C.  the  wood  is  decom- 
posed to  an  extent  of  about  six  tenths  of  its  original 
weight.   The  curve  also  shows  thr.t  from  250°  C.  up  the 
increase  in  decomposition  of  the  wood  for  each  ten  degrees 
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rise  in  temperature  is  fairly  regular. 

The  charcoal  formed  at  the  lower  temperatures 
did  not  show  a^ny  complete  charring  but  only  a  brown  de- 
coloration the  latter  however  increa-.adin  intensity, 
and  the  wood  subjected  to  the  high  temperatures  showed 
complete  charring. 

A  property  of  the  pyrnl igneous  acid  which  was 
very  iioticeable  in  this  work,  was  the  color  of  the  re - 
sijective  samples  of  acid  when  the  latter  were  freed  from 
the  suspended  tar  particles.   At  180°  C.  the  tar  free  acid 
was  of  a  dark  orange  color,  while  the  distillates  from  the 
higher  temperature  distillations  when  treated  as  above 
showed  lighter  shades  of  orange  and  finally  lighter  and 
lighter  shades  of  yellow. 

The  empyromatic  odor  of  the  distillate,  shQv  ed  an 
increase  in  intensity  for  each  increase  in  temperature  of 
distl]  lation.  This  latter  characteristic  hov/ever  was  not 
so  very  easily  detectable. 
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The  tabulated  results  are  given  below. 

Temperature  in  degrees  Acetic  Acid  in 

Centigrade  per  Cent. 

180  .51 

190  .61 

200  .83 

210  1.01 

220  1.30 

230  1.54 

240  2.12 

250  2.32 

260  2.80 

270  3.03 

^'£0  3.18 

290  3.46 

300  3.53 

310  4.23 
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Temperature  in  degrees 

Distillate 

Specific 

Centigrade 

Per  Cent. 

Gravity. 

180 

10.5 

1.017 

19C 

11.5 

i.oia 

200 

12.7 

1.025 

210 

15.0 

1.037 

220 

18.0 

1.038 

230 

23.0 

1.037 

240 

27.7 

1.040 

250 

29.3 

1.041 

260 

32.4 

1.048 

270 

35.0 

1.052 

280 

36.5 

1.052 

290 

37.5 

1.064 

300 

40.5 

1.070 

310 

43.5 

1.079 
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Temperature  in       Charcoal  in      Decomposition 
Degrees  Centigrade    Per  Cent.       in  Per  Cent. 


180  87.5  12.5 

190  84.4  15.6 

200  82.5  17.5 

210  81.5  18.5 

220  78.1  21.9 

230  68.9  31.1 

240  65.7  31.3 

250  62.5  37.5 

260  58.6  41.4 

270  56.2  43.8 

280  53.4  46.6 

290  49.3  50.7 

300  46.9  53.1 

310  40.6  59.4 
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